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n++if 1 f!! a ’ h ^ drOXy f 1 ? ylphOSphonic acids and their derivatives have been studied 
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The mechanism of this reaction Is considered to be either an exchange of 
metal for the hydrocarbon radical, if the structure of the salt is assumed to 
be based on pentavalent phosphorus, or as an addition of the alkyl halide to 
the phosphorus accompanied by the subsequent detachment of the metal halide, 
if the structure of the salt is assumed to be based on trivalent phosphorus. 
The most probable mechanism of this reaction, in our opinion, is the addition 
of the alkyl halide to the salts of phosphorous acid. This is confirmed, as 
we have shown, by the formation of products of the addition of iodides to 
sodium di-bet a-methoxyethylphosphite in the course of the usual reaction of 
Miechaell s-Becker, 

, * vONa 

(CH30CH 2 CH 2 0) 2 P - ONa + RI = (CH^OC^CHgO)^ ^-1 

and the formation of products of addition "of halogen salts of lithium (LiBr, 
Lil) with esters of alkoxymethylphosphonic acid as a result of the action of 
the lithium halide on the ester at a high temperature; 

. OL1 

R0) 2 P + LlEr - (RO)oF-Br 

X CH 2 0R’ X CH 2 0R' 

A further development of the ideas introduced into the field of organic 
phosphorus compounds by Academician A. Ye. Arbuzov and successfully applied 
by the Kazan' school of chemists under his leadership, in the explanation of 
the reaction of halogen compounds with salts of dialkylphosphorous acids, is 
the addition of the positively charged atom of carbon from the alkyl halide to 
the phosphorus, the latter carrying an isolated pair of electrons,, This reac- 
tion scheme is shown below. 

R' 

. . ©0 0 ✓ONa 

(R0) 2 p - ONa + R ' Hal — > (RC) 2 P - ONa + Hal — > (R0) 2 F^-Hal 

Splitting off of either sodium halide or alkyl halide follows: 


.ONa 
(R0) P — Hal 

^ Nd 1 


(ro) 2 p; 


The direction in which the splitting proceeds depends principally on 
the nature of the radical joined to the phosphorus, but also on the nature of 
the halide and ester radicals (intramolecular causes) and on the conditions 
under which the experiments are conducted. 

The formation of esters of alkylphos phonic acids can be explained also 
by another course of the reaction: 

(R0) 2 P - ONa + R'Hal— > (RO) 2 P k ^ONa-^(RO) 2 P^ > + -f Hal 

Xr ' 

The sodium ion and halide ion give sodium halide. 

From such an explanation of the principle of the reaction, it follows that 
? Se ? c ™* ounds ' but also °ther substances whose moleciO.es are polar- 
ized similarly to those of the halogen compounds , can react with the salts of 
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di alkylpho s phorous acids. Naturally, this analogy can be extended also to 
cover aldehydes and ketones whose molecules are polarized. The oxygen of 
the carbonyl group draws electrons from the carbon-oxygen bond and makes 
the carbon of the carbonyl groups positively charged, i.e., capable of 
interaction with the isolated pair of electrons of the phosphorus in the 
salts of dialkylphos phorous acids; 


'R0) 2 P ONa + >C*o,- 

“ K 


(R0) 2 P^Na (R0) 2 P-0 (R0) 2 P=0 


-O+Na- 


. Upon treatment of the compound thus formed with acidified water, the 
ester of alpha-hydroxyalkylphos phonic acid is obtained. 

^ he addition of sodium diethylphosphite tc the carbonyl group of alpha- 

Ska™ (If s + u ® geSted hyA - Ye - AzbuMr andM - M- Azanov- 

phosphite 1 plli ® the reaction of acetyl chloride on sodium diethyl- 

are and ^ ?* Pndovik (10) showed that dialkylphosphorous acids 

rlrh^ d ? d * ethyiene bond which is activated by a nitrile, carbonyl, or 
arboxyl group in the presence of sodium alcoholate. The method indicated 

iLrluTl reactions of aldehydes and ketones on dialky^phos- 

phorous acids. Alcoholates of alkaline metals, enolating the dialkylphos- 
phorous acid, enable this reaction to take place. In practice in experiments 

31-056 of iithium or sodium methylate are usually employed. ^The re- 
action is expressed by the scheme: 
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(HO)pP' 


(RO)oP - ONa •+• R'OH 


(R0)_P - ONa -(- 'So 


R0?P - 0 


(R0) P = 0 +- Na 

R \! - 

/C - 0 

R 


(R0) P=0 (RQJaP- 


(R0)-P« 

<\ 


(HO) P - ONa, etc. 


sSiS J2srr^sr.sr?3i js 

£T5 ssrss sr s assrsssu.- 
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EBters of alpha-hydroxyalkylphospbonic acids can be subjected to further 
transformations: elimination of water produces unsaturated alkylphosphonic 
acids, and the substitution of a hydrocarbon radical' for an atom of hydrogen 
in the hydroxyl group produces esters of alpha-alkoxyalkylphosphonic acids. 
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